Impact assessment and optimization
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Outline

= |ntroduction
= Environmental Life Cycle Assessment (LCA)
= Mathematical optimization

= Ongoing research
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Introduction (1): Why impact assessment?

“Problem shifting”: @
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Introduction (1): Why impact assessment?

Comprehensive decision making and raising awareness:
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Introduction (2): Why agriculture?
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B Source: Werld Resources 2000-2007, Peogle and Ecosystams:. The Frapng Web of Life, Warkl Resourcas Institute (WRI), Washingion DC, 2000.
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Introduction (2): Competition for water

Cubic km per year Forecast Forecast Forecast
3200 |
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The grey band represents the difference between the amount of water extracted and that actually
consumed. Water may be extracted, used, recycled (or returned to rivers or aquifers) and reused
several times over. Consumption is final use of water, after which it can no longer be reused. That extractions have
increased at a much faster rate is an indication of how much more intensively we can now exploit water. Only a
fraction of water extracted is lost through evaporation.

Sourca: Igor A. Shiklomanov, State Hydrological Institute (SHI, St. Petersburg) and United Nations Educational Sclentific and
Cultural anisation (UNESCO, Paris), 19!
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Life Cycle Assessment (1): Overview

Resource
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Life Cycle Assessment (2): Wheat production
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Lorry,16 ton

Life Cycle Assessment (2): LCA Database

Medium voltage electricity

o whest
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Crop land vra‘nm Fertilizers  Pesticides “Harvest
,,,,, Q| | | \ \
Organics chemical plant
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= “Spiral Spider Web”

| LCA database
‘ , [Electricity, low voltage

Lorry, 20 ton
Rail freight

-

Example cloud is Ecoinvent LCA database by Dr. Chris Mutel
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Life Cycle Assessment (2): Why database?

7
A4
PO

= Comprehensive analysis of impacts throughout the whole system!
= No “Problem shifting”!
* Nothing is skipped!
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Master thesis (1): Soil map

Soil district level
:] District borders
- clay

- clay loam
- loam

- loamy sand
- sand

sandy clay

- sandy clay loam|

sandy loam

- silt loam
- silty clay

- silty clay loam
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Master thesis (2): Irrigation demand

Irrigation demand
[mm]
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Master thesis (3): Inventories

Input-output data for:

Winter wheat (with agronomist)

Number Processes

= 17 crop types :

= With and without ;
agronomist ‘
classification

O o ~NO Uun
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13
14

15

E S D www.esd.ifu.ethz.ch/

ecological systems design

Ploughing
Harrowing
Rolling
Weeder

Sowing

Irrigation

Ferlizer transportation
Ferlizer

Ferlizer

Electricity during

the irriation

Herbicide

Against diseases
Against diseases

Pesticide

Irrigation

Machinery or
insruments used
TMZ-80 tractor,
MB-6, 36TC -1
TMZ-80 tractor,
C33-2,1

TMZ-80 tractor,
C33-2,1

TMZ-80 tractor,
C33-2,1

TMZ-80 tractor,
€33-2,1

Sprinkler machine
TMZ-80 tractor,
Ammonum nitrate
Ammonia (in August)

Electricity

Herbicide TU®U

baiTaH yHuBepcan
Tunt

TexHuKanblk xnopodoc

1000-1200 m3/hec,
one time, after 3-4
months after sowing

Active ingredient Unit
liter
liter
liter
liter
liter
liter

(NH4NO3) 34,5% kg

N60 kg
kWh/h

TudeHcynbdypoH- K

metun (750 r/ra) &

15 % TpuagumeHon kg

nponukoHason, 250 r/n kg

1-okcu-2,2.2-
kg

TPUXNOP3ITUA)

m3
Abdikaiym Zhiyenbek

Amount

34.9
12.5
5.5
15

32

8.9
5.1
100
40

14.6

0.7

0.5
0.7

1000
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Master thesis (4): Impact maps

WSI [m3]
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Sustainability assessment toolbox

/" SSE: sustainability simulation environment

Version 1.0
About

Sustainability
Simulation
Environment

Start

2 Copyright 2017, Abdikaiym Zhiyenbek Exit
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SSE: purpose

= Environmental Impact Assessment:

= Inventory modelling environment for life cycle
assessment purposes

= Modeling:
= Parsimonious modelling in water resources,
agriculture etc. Sustainable

=  Mathematical optimization: system

= Technical

= Economical

= Social

= Sustainability

= PISA framework
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SSE: general

structure diagram

SSE package (Sustainability Simulation Environment)

Agro
module

Aqua
module

Soil
module

Crop yield
module

Greenhouse
module

Agro
management
module

Livestock
module

Irrigation
module

Hydrology
module

Soil element
balance
module

Soil database
module

Leach

module

Energy
and
transport
module

Emissions

module

Eco
module

Energy
demand
module

Transport
module

PaXel o]
emissions
module

Brightway2
module

Allocation

module

Geo
module

Mapping
module

Geocoding
module

Data
module

Optimization

module

Test
module

APlIs / Data
providers
module

Data mining
module

Forecast
module

Mathematical
optimization
module

Code test
module

Performance
test module

Other utility
modules

Projects
module

Debugging

module
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SSE: how it works

Life Cycle Inventories

Resource use data Life Cycle Impact

assessment results

Energy use data If the input data is complete Scenarios analysis
results

SSE package (sustainability Optimized crop
simulation environment) production systems

Machinery use data

Optimized livestock

SSE estimation systems

I not models

Sustainable integrated
systems
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GUI

7 Figure 1

import analysis LCA results

Scenario 1

Scenario 2

oo+ |EE

0.00 0.05 0.10 0.15 0.20

kg CO2-eq./ kg of product

0.25

0.30

IRRRNRNI

fransport

farm machinery use
storage

fertilizers

emissions to air
water use

other impacts
greenhouse heating
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Case study: Switzerland (1)

d d
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Case study: Swiss import results for total
consumption (2)

Carbon footprint of Swiss consumption mix

citrus
green asparagus
tomato
apple
banana
lettuce
pineapple
papaya
grapes
white asparagus
onion
carrot
melon
cabbage
cucumber
strawberry
pear
pepper
zucchini
cauliflower
avocado
spinach
green bean
kiwi
eggplant
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10 20

30 40 50
ton CO2-eq
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Mathematical optimization (1): Why?

Conflicting interests: N
= Upstream vs. Downstream o
= Reservoir vs Irrigation

= Reservoir vs City flooding

Constrains:

= Cost vs Water saving A A -
= Cost vs Low impact -
System optimization: T S

= Optimal design and planning
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Mathematical optimization (1): Dam vs Irrigation

_ _ Farmers Dams
Satisfaction 4 Satisfaction 4

1 1

> >

Irrigation Release
supply

Social aspect!!!
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Mathematical optimization (1): Framework

[ A

Partficipatory and Integrated Planning (PIP) procedure

1. Reconnaissance

v

2. Conceptualisation

2.1 Defining |, | 2.2 Defining criteria

actions and indicators

L) 2.3 Identifying [,

the model

v

A 4

3. Designing Alternatives

v

4. Estimating effects

v

5. Evaluation

v

6. Comparison and negotiation

7. Mitigation and
compensation

Compromise
alternatives

ye
Agreement?

Political
decision
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Mathematical optimization (1): Pareto frontier

Current situation
Hydropower
revenue

Irrigation
supply
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Mathematical optimization (2): Case study

RKatue River

Itezhitezhi Dam

S

KAFUE FLATS
S Kafue Gorge Dam
M

fop

[ 62’9,

to Zambezi
River

W Monze
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Mathematical optimization (2): Case study

Lusaka hydrop + mining mean flow down agricult local tourism
supply deficit irr nat regime down fish + cattle local environment
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o

Ongoing research: What is done often

Incomplete
system
Resources Crop production Consumption
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Ongoing research: Zooming out

Complete system

3 W

|
! Lo :
| I
| Greenhouse | : Transportation Storage :
| L
| : b | I :
| I | I
| & | | |
| <& I |
| Crop | | :
| production I I
| o @ N :
: Resources : | Processing Consumption End- |
| L oflife |
| b
| & & [ :
: Livestock : I |
{— -1 I_ ______________________________ l
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Ongoing research: PISA framework

Participatory and Integrated Sustainability Approach (PISA)

Conceptualization S

T -, I =
. I -
E T!T! Lo | ° o =
— | (Y ] ==
In-situ Global In-situ data | | Consensus Welfare
databases collection | among improvement

literature and

resources \\ /

@ — [‘4—» i 4—»%\4—»

stakeholders
'Yy
t - T-T)
/ Social learning
% and awareness

| |
| |
| |
| |
| |
|

<= : |
Decision makh |

| |
| |
| |
| |
| |
|

Colla boratnon Mathematncal Environmental PISA
with local modelling and life cycle Stakeholders g
institutions optlmlzatlon assessment approach |
| Sustainable
| l development
E |
Statictics |
In- _5|tu and data Rem?te | | ‘ . .
experimental mining sensing | Structured and Integratlon and
data and methods and L _| Transparent rationalization
models in past data Alternatives process

and present
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Ongoing research: Spatially distributed version

500 m
+—

™
> mp
<
: %
* Precipitation /\-\w"’\/gﬁ

Temperature
L : )
« Solar radiation Soil data (1 km2)

14 km

500 m
—p

14 km

NS/
/[ NS ]
[/ NS/
[ /[ [ A/

* Wind = Leaf area index (LAI) O Crop yield
* Sunshine » Photosynthetic active Q Irrigation demand
hours ration (PAR) O Soil nutrient balance
* Pressure = Land cover
« Dew point = Crop type classification
temperature
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Ongoing research: Field classification

AE s : |
R S N k . Crop field

E Greenhouse

Results can be used for:
= Hot spots

= Spatial analysis

= More precise crop and
greenhouse areas
More accurate
regionalized impact
assessment
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Ongoing research: Crop type classification

N Guantao county

p
[ chaibaozhen
|:] Fangzhaizhen
D Guantao
- Lugiaoxiang
- Nanxucun
- Shoushan
Wanggiaoxiang
Bl \Veisengzhai

Total crop are

Wheat area

Maize area

20

B
,‘E S D www.esd.ifu.ethz.ch/
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Ongoing research: New greenhouse model

A
' ‘ Hner = TaFlFZAfH(t) - U(t)Ac(Tai(t) - T:ﬁlo (I))
&
Lv<

i
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Ongoing research: Modelling assumptions

1 mm holes

< 50m >

y :ﬂf.
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Ongoing research: Greenhouse types

Glasshouse greenhouse Multi-tunnel greenhouse
I 75N
Parral greenhouse Low-tunnel greenhouse
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Ongoing research: Greenhouse model results

Energy demand per m2

3.5 , ,

|J | [ [idy
WP 020 (0P 0 a0 a® (0P o

09
20 ce?

09
20 o

Energy demand per kg of tomato

09
g™ et xS ey

2.0 T T

[MJ/kg]

I. |J | [ I ”I I | 1
,&7,009 000° n00°?

o2 09
20 20 0ec

900°

oV

09 09 09 09 02
Wt 0 el 20 weay 0 A 0 W L pud ce? oc

=
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Ongoing research: Greenhouse model results

—— Algeria
France
Greece
Israel

— ltaly
Malta
Morocco

—— Netherlands

—— Spain

— Switzerland

—— Tunisia

—— Turkey

2016
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Ongoing research: Validation

200

—— observed

— simulated
0 | ! 1 ! | ! ! | | ! !
W0 £8P (@ Pt W0 W au8 geP ottt oV geC
Months
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Ongoing research: Validation

250

PB=17.41

RMSE =37.00
MAE = 928.94
BIAS =17.06
L |R%2=0.79
R=0.89

N
o
o

150}

-
o
o

(o))
o

Simulated monthly heat demand [M.J/m?]

o

0 20 40 60 80 100 120 140 160 180
Observed monthly heat demand [M.J/m?]
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Ongoing research: greenhouse crop model

CUCUMBER: Shoot dry weight / Total plant biomass (RSH) CUCUMBER: Fruit dry weight / Shoot dry weight (RF)
T | I I I I

1.0 F ] 06 . .
— —osl simulation
pe] ©T V.o -1
So08f . = 4  experiment
o S04l -
o 06 L | o
8 2007 ]
s 04 | - S o2k i
(=) . ) a
202} simulation 1 2.l |
= A experiment =

00 1 1 1 1 00 1 1 1 1

Q ;\00 2()0 300 .DDG 5()0 Q 4\00 fng 3()0 AQG 500
TPTTP [MJ/m"2] TPTTP [MJ/m*2]

1 0CUCUMBER: Harvested fruit dry weight / total fruit dry weight (HR) 4500 CUCUMBER: Total shoot dry weight (WSH)

. I I .] I I I I I T I I I
— 4000
S —
2 o8t 1 2 3500 |
e g 3000
- 06 T « 2500 |
© @
; 04 L ] ; 2000
a . _ = 1500 |
So2f simulation o 1000 |-
= ® experiment = 500 |-

00 | | | | 0 1 | | | | | |

\ 0 i\ 0 0 0 A A A A A A A A
N W?E’TTP IMJ/ 3:)2] * * 30 2 a0 2 (1o 207 g 200y 207 2007 0 29 g2
m
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Ongoing research: greenhouse crop model

CUCUMBER: Fruit yield in m2
| | | |

(@)

0]
|

I
|

[kg DM m-2 ground]
N w
| |

-
|

200&; e 200%\3‘ 200& 2006;\“3‘1 200& A\ 200& A 200& N 200&

o

A ot
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Thank you for your attention!
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